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Outline

— Irradiation Design

— Thermal Hydraulics Analysis
—Insert Replacement

— Design and Assembly

— Performance of Neutron Source and
Materials

» Mechanical Properties
» Surface Condition
— Conclusions
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A-6 Experimental Area (LASREF)
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Physics Calculation Performed to Determine
Power Deposition for each Insert

 Used LAHET to model all
5 inserts in proton beam.

 Power densities used for
design of inserts to be
irradiated at prototypic
temperatures.
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Thermal Hydraulic Analysis Performed
on Tungsten Rod Bundles

» Water inlet Temperature .
~27.5°C, Max A T~10 ° C.

» Peak power densities
varied from 2.25 kW/cm3 to
1.19 kW/cm3

*Total Deposited Power
varied from 8 to 15 kW.

» Peak Clad Temperature
was 141°C and Peak
Tungsten temperature was
271°C

» System pressure = 13bar

Tungsten Rods

 Coolant velocity ~ 2.9 /s
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Decrease in Diameter of Bare Tungsten Rods
Confirmed Tungsten Corrosion Rate

0.126
« Bare tungsten initially chosen
because of better results than alloys 0124 s
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Replacement of Tungsten Neutron Source

Bare Tungsten Neutron Source Capsule  Clad Tungsten Neutron Source Capsule

Improved design of tungsten
neutron source module

*Used 304L stainless steel to clad
tungsten rods.

*No brazes used to seal around
thermocouples.

*Thermocouples do not penetrate
into water passage.

*Placed thermocouples in air to
check for water leaks during
irradiation.

*Changed manifold design to avoid

possibility of cross flow. Two Stainless
Steel Bundles
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Clad Tungsten Design

Tungsten Rods | | N

Helium Filled Plenums

Each 2.642 mm diameter tungsten rod was slip clad within a Type 304L stainless
steel tube that had a 2.667 mm inner diameter and 2.921 mm outer diameter.

The nominal 0.012 mm radial gap between the tungsten and the cladding was
filled with helium at room temperature and atmospheric pressure.

The plenums were included to accommodate gaseous spallation products sized
so that if all the gasses were to be released, the resulting pressure would not
cause yielding in the stainless steel clad.

Gas release results show that plenums are not needed. So, geometry could be
further optimized.




Assembly of Clad Tungsten Rod Bundles

* Rods placed on orifice plate.

* Held in position with removable
spacer.

 Frozen in water and spacer
removed.

« Attached second orifice plate.

 E-beam welded orifice plates to
outer tubes.
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Removal of Tungsten Neutron Source After
Irradiation

-+ Clad Tungsten Source
cut from Insert and
transported to CMR Hot
Cells

« Bandsaw in hot cells
used to cut manifolds
from tubes

.. * Helium leak test

: performed in hot cells
showed clad rods still
leak tight after
irradiation.

 Discoloration on outside
surface due to high
nitric acid irradiation
environment.
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Tungsten Removal from Cladding
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304 Cladding
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« Some discoloration observed but no change in
diameter seen from measurements accurate to x5
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Hardness increase in cladding agrees well with Yield Stress
increases measured on irradiated tensile specimens

Hardness vs. Dose compared to Yield Stress vs. Dose
for Aus tenitic Stainless Steels
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Compression Stress/Strain Results for Irradiated Tungsten
Show Increase in Yield Stress with Dose above 4 dpa

Stres s/Strain Curves for Tungsten Irradiated to 4-23 dpa
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Conclusions

« The success of the irradiation of slip clad tungsten rods as a
spallation neutron target is based on the following observations:

— The spallation target performed without incident at a peak power
density of 2.25 kW/cm3 and a peak heat flux of 148 W/cm2. Peak fluence
reached 4 x 1021 particles/cm?.

— The target design produced very low stress and post irradiation testing
showed that the properties of the target materials far exceeded design
requirements throughout the irradiation.

— Target geometry is not restricted, especially with further verification
that the hydrogen gas created by spallation will not overpressure the
volume between the tungsten rod and the clad.

« These observations, coupled with the extensive use of slip clad
technology other nuclear applications, demonstrate that future
spallation neutron sources should seriously consider using water
cooled, slip clad tungsten rod bundiles in the target assembly.
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